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Abstract

Background The assessment of gastric content and volume using bedside ultrasound (US) has become a useful tool
in emergency departments, anesthesiology departments and inpatient wards, as it provides a rapid and dynamic
assessment of the gastric content of patients, which, allows making decisions regarding the risk of regurgitation or
the need to adjust the strategy used to induce general anesthesia in patients with a full stomach. This assessment
consists of two evaluations: a qualitative one, in which the status of the antrum, in terms of gastric content, is classi-
fied into three categories (empty, liquid content and full), and a quantitative one, where gastric volume is estimated.
The objective of this study was to estimate the intra-observer and inter-observer agreement in ultrasound assessment
of gastric content and volume in critically ill patients receiving enteral nutrition.

Results A total of 41 patients were included and each examiner performed 64 gastric US (n=128). Participants’
average age was 56.5 years (SD =+ 12.6) and 63.4% were men. Regarding the qualitative evaluation of the antrum, in
supine position both examiners classified the gastric content as grade 0 in 1 gastric US (1.5%), grade 1 in 4 gastric US
(6.2%) and grade 2 in 59 (92.1%). Regarding intra-observer variability in the measurement of the area of the antrum,
Lin's concordance correlation coefficient (CCC), the difference of means between measurements and the 95% limits
of agreement of Bland and Altman values were 0.95 (95% Cl 0.940-0.977), — 0.47 cm? (SD+1.64) and — 3.70 cm? to
2.75 cm?, respectively, in EC1, and 0.94 (95% C1 0.922-0.973), — 0.18 cm? (SD#2.18) and — 447 cm? to 4.09 cm? in
EC2. Concerning to inter-observer variability (EC1 vs EC2) in the measurement of the area of the antrum and of gastric
volume, the following CCC, mean difference between measurements and 95% limits of agreement of Bland and Alt-
man values were obtained: measurement of the area of the antrum: 0.84 (95% C| 0.778-0.911), — 0.86 cm? (SD 4 3.38)
and — 7.50 cm? t0 5.78 cm?; gastric volume measurement: 0.84 (95% Cl 0.782-0.913), — 12.3 mL (SD£49.2) and

— 108.8 mL to 84.0 mL.

Conclusions The assessment of gastric content and volume using bedside US in critically ill patients on mechanical
ventilation and receiving enteral nutrition showed a good intra and inter-rater reliability. Most of the patients included
in the study had a high risk of pulmonary aspiration, since, according to the results of the gastric US evaluation, they
had gastric volumes> 1.5 mL/kg.
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Background

In recent years, the assessment of gastric content and
volume using bedside ultrasound (US) has become a
useful tool in emergency departments, anesthesiol-
ogy departments and inpatient wards, as it provides
a rapid and dynamic assessment of the gastric con-
tent of patients, which, in turn, allows making deci-
sions regarding the risk of regurgitation or the need to
adjust the strategy used to induce general anesthesia
in patients with a full stomach [1-4]. In this sense, the
use of point-of-care gastric US under the I-AIM (Indi-
cation, Acquisition, Interpretation, Medical Manage-
ment) strategy has allowed, among others, to determine
the risk of pulmonary aspiration of gastric contents
during tracheal intubation in patients with an unknown
fasting status, which is very useful in terms of airway
management in emergency care settings [1].

US assessment of the gastric content consists of two
evaluations: a qualitative one, in which the status of the
antrum, in terms of gastric content, is classified into
three categories (empty, liquid content and full), and
a quantitative one, where gastric volume is estimated
using parameters similar to those used in methods con-
sidered to be the gold standard for this purpose, such as
gastroscopy [1, 2, 5].

Due to its capacity, compared to other diagnostic
methods, to determine the amount of gastric content in
a fast and non-invasive way, gastric US has been pro-
posed to be used in critically ill patients to establish
their tolerance to nutritional support techniques [6]. At
present, there is no gold standard for monitoring tol-
erance to enteral nutrition in this type of patients and
current evidence does not recommend routine meas-
urement of gastric residual volume in these patients,
as it does not represent any benefit in terms of their
management, and, on the contrary, it could promote
an unnecessary reduction in their caloric intake [6, 7].
To be properly used in clinical practice to assess gas-
tric content in critically ill patients, gastric US needs to
be validated as a reproducible tool with low intra- and
inter-observer variability. However, so far there are no
studies reporting data on its diagnostic accuracy.

Considering the above, the objective of this study
was to estimate the intra-observer and inter-observer
agreement in ultrasound assessment of gastric content
and volume in critically ill patients receiving enteral
nutrition and to contribute to the validation of this use-
ful tool in clinical decision making regarding airway
management and enteral feeding in these patients.

Methods

A correlation study was conducted at Hospital Universi-
tario Nacional de Colombia (Bogotd, Colombia) between
December 2020 and February 2021. All patients older
than 18 years were admitted to the intensive care unit
(ICU) on mechanical ventilation and who were receiv-
ing enteral nutrition through a nasogastric tube (at least
4 h of enteral nutrition infusion) were considered to be
eligible (N=198). The following patients were excluded:
those who (or their legal representatives) did not agree
to participate in the study; those in which, despite hav-
ing agreed to participate in the study, informed consent
was not obtained; pregnant women or in the postpartum
period; those who, after having signed the informed con-
sent form, died or decided (or their relatives) to change
their therapeutic approach; those who had recently
undergone a laparotomy, and those in which enteral
nutrition was discontinued before performing the US
assessment. It is worth noting that participants were
recruited prospectively and that the research proto-
col was approved by the Ethics and Research Commit-
tee of the hospital. Assuming an alpha of 0.05, a beta
power of 0.9, a mean residual gastric volume of 100 ml
(SD+£160 ml) [16], a maximum mean difference of 50 ml
(SD+£75 ml) between the observed and a maximum limit
of the difference allowed between evaluations; equal to
the mean of the gastric volume+1.96 x SD of the mean
difference, the calculation of the minimum sample size is
estimated at 57 patients who produce 114 gastric ultra-
sound measurements, see table 002. The statistical soft-
ware was used to calculate the sample size. MedCalc
v1.19, using the estimates for the construction of a Bland
and Altman plot.

At the ICU, one of the researchers was in charge of
the daily assessment of eligible patients; then, once the
informed consent form was signed by the patient or their
legal representative, the equipment required for the US
evaluation of their gastric content was prepared. In each
patient, gastric US was carried out independently by 2
examiners who had received training in performing this
procedure: EC1, a third-year anesthesiology resident
(Dr. Fuentes), and EC2, an anesthesiologist specialized in
intensive care (Dr. Ruiz). It is worth noting that, regard-
ing their learning curve, each examiner had performed at
least 50 gastric US. The patient selection process and the
number of US assessments of gastric content are shown
in Fig. 1.

Gastric US was initially performed with the patient in
a semi-recumbent position (30-45 degrees) and then
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Eligible patients (n=198)
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Patients excluded (n=158)

.

Their legal representatives did not agree to their participation in the study
(n=61)
Participation in the study was agreed, but not informed consent was
obtained (n=56)
Women in the postpartum period (n=1)
Patients who had recently undergone a laparotomy (n=2)
Patients who, after having signed the informed consent form, died or
decided (or their relatives) to change their therapeutic approach (n=12)
Enteral nutrition was discontinued before performing the US assessment
(n=26)

-Extubation (n=12)

-Refractory shock (n=6)

-Tube feeding Intolerance (n=8)

performed by both examiners (n=41)

Patients in which a gastric ultrasound was

and volume (n=128)

Ultrasound assessments of gastric content

Ultrasound assessments performed
by EC1 (n=64)

Gastric volume was not calculated
due to ultrasound artifact (n=2)

Ultrasound assessments performed
by EC2 (n=64)

Gastric volume was not calculated
due to ultrasound artifact (n=2)

Fig. 1 Patient selection process and number of US assessments of gastric content performed

they were placed in a right lateral decubitus position, as
reported in the literature [5, 7]. The 5 MHz wide band
convex-array transducer was placed on the sagittal plane
of the epigastric region with the index marker on the
transducer pointed towards the patient’s head. Probe
depth was set to 12—15 cm, using the aorta and the infe-
rior vena cava as landmarks. Images of the antrum and
the body of the stomach were obtained by tilting the
transducer from right to left to achieve a general quali-
tative assessment of the gastric antrum, its content and
the consistency of the latter (fluid or solid content) [7, 8].
The antrum was considered to be empty if it appeared flat
and with juxtaposed anterior and posterior walls; to have
liquid content (fluid) if there was evidence of hypoechoic
content and distended walls, and to have solid content
if it was distended and had a ground-glass appearance
or if small specular images of intermediate echogenicity
with an appearance similar to the liver parenchyma were
observed [9] Figs. 2, 3, 4.

Based on the qualitative assessment, the status of the
antrum was classified into three categories: grade 0:
empty antrum in both supine (semi-recumbent) and
right lateral decubitus positions; grade 1: fluid visible
only in right lateral decubitus position (a finding sug-
gestive of low gastric volume), and grade 2: fluid visible
in the antrum in both supine and right lateral decubitus
positions (a finding suggestive of greater gastric volume).
Likewise, once the antrum was located, its craniocaudal
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Fig. 2 Intra-observer variability in the measurements of the area of
the antrum made by EC1. Bland and Altman Analysis

and anteroposterior (AP) diameters were measured using
still images obtained at rest (between peristaltic contrac-
tions) and then gastric volume was calculated using the
following formula: volume (mL)=27.0+ 14.6 x right lat-
eral CSA (cm2)-1.28 x age (in years) [9].

Both examiners performed, independently, at least one
US assessment of gastric content in each patient. In addi-
tion, if a patient continued receiving enteral nutrition for
several days, both examiners could perform more gastric
US, as long as the number of assessments made in the
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Fig. 4 Intra-observer variability in the measurements of gastric
volume made by EC1. Bland and Altman Analysis

patient was the same for each examiner. To assess inter-
observer variability, US measurements were blinded
between EC1 and EC2 and they were performed in less
than one-hour intervals. On the other hand, to assess
intra-observer variability, gastric US had to be performed
first with the patient in a semi-recumbent position and
then with the patient in a right lateral decubitus position,
and once the assessment was completed, the procedure
had to be repeated exactly after one hour since the first
evaluation [10, 11]. To ensure compliance with this pro-
tocol, one of the study investigators was present during
the performance of all gastric US.

Regarding data analysis, the following information was
obtained and recorded for all patients included in the
study: clinical and sociodemographic characteristics. In
addition, both examiners recorded the measurements of
the diameters of the antrum in each gastric US performed
and, based on this data, the following measurements
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were calculated: cross-sectional area of the antrum and
gastric residual volume. The information was entered
into a database created in the REDCap software, and data
were processed and analyzed using the STATA statistical
software STATA, version 14.0. The descriptive analysis of
data was performed as follows: qualitative variables were
summarized using absolute and relative (percentages)
frequencies, and quantitative variables, using measures
of central tendency and measures of dispersion. As the
data showed a normal distribution (determined using
histograms and box plots) medians and standard devia-
tions were calculated [12, 13].

Intra-observer and inter-observer agreement was
evaluated as follows: Cohen’s Kappa coefficient was cal-
culated for qualitative measurements [10, 11] and, in the
case of quantitative measurements, the intraclass cor-
relation coefficient (ICC) was calculated based on the
comparison of the average measurements made by both
examiners (EC1 vs EC1, EC2 vs EC2 and EC1 vs EC2),
which was made using the paired t-Student test or the
Wilcoxon rank-sum test depending on the distribution of
the data. Finally, a Bland Altman plot was constructed to
establish the limits of agreement [14]. A significance level
of p<0.05 (two-tailed test) was considered.

Results

A total of 41 patients were included and each examiner
performed 64 gastric US (n=128). Participants’ average
age was 56.5 years (SD+12.6) and 63.4% were men. High
blood pressure (36.5%), type 2 diabetes mellitus (26.8%)
and cancer (4.8%) were the most frequent comorbidities;
there were no cases of stage 5 chronic kidney disease or
HIV infection. Since the study was conducted during the
COVID-19 pandemic, respiratory failure with require-
ment of mechanical ventilation due to severe COVID-
19 was the main cause of ICU admission (92.6%) [15].
In addition, all patients were on invasive mechanical
ventilation and 39.0% were receiving vasopressors at the
time gastric US was performed. The characteristics of the
sample are described in Table 1.

Regarding the qualitative evaluation of the antrum, in
supine position both examiners classified the gastric con-
tent as grade 0 in 1 gastric US (1.5%), grade 1 in 4 gastric
US (6.2%) and grade 2 in 59 (92.1%), that is, there were
no differences between EC1 and EC2 and their level of
agreement was almost perfect (Kappa=1.0, standard
error=0.11). On the other hand, in right lateral decu-
bitus position, there were changes in the classification
of gastric content in 3 gastric US (4.6%); this situation
occurred in both examiners.

With respect to the quantitative evaluation of the
antrum, the mean values and respective standard devia-
tions (value+ SD) in supine position of the AP diameter
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Table 1 Characteristics of the sample.

Variable Total; n=41
Demographic data
Men (%) 26 (63,41)
Age (SD=+) 56.5(12.6)
Weight kg; (SD+) 715 (15.9)
Height cm; (SD +) 165 (10.5)
BMI kg/mt? (SD =) 259 (4.6)
Comorbidities
HBP (%) 15 (36,58)
Type 2 Diabetes (%) 11(26,82)
Cancer (%) 2(4,87)
Therapies
Vasopressors use (%) 16 (39,02)
Corticoids use (%) 35(85,36)
Antibiotics use (%) 22 (53,65)
Mechanical ventilation (%) 41 (100)
Cause of admission
Respiratory 38(92,68)
Cardiovascular 2(4,87)
Neurological 1(2,43)

BMI Body Mass Index

(mm), the cross-sectional area of the antrum (mm), the
area of the antrum (cm?) and gastric volume (mL) were
2,51 mm (SD+1.91), 225 mm (SD=+1.16), 4.09 cm?
(SD +3.24) and 30.2 mL (SD+37.9) in EC1 and 2.36 mm
(SD£1.88), 2.59 mm (SD=1.30), 4.29 cm? (SD=+3.11)
and 30.9 mL (SD % 36.8) in EC2. In addition, the following
mean values were obtained in right lateral decubitus posi-
tion: EC1=4.61 mm (SD=+1.95), 2.74 mm (SD=+0.95),
10.29 cm? (SD+5.93) and 104.6 mL (SD =+ 86.4), respec-
tively; EC2=4.86 mm (SD=+2.03), 2.75 mm (SD £+0.99),
11.01 cm? (SD+6.76) and 114.8 mL (SD =+ 98.8). Finally,
the mean gastric volume in EC1 was 101.06 +81.94 mL
(95% CI: 80.25-121.81), while in the case of EC2 it was
113.444+100.221 mL (95% CI: 87.98—138.89).

When changing from the supine position to the right
lateral decubitus position, significant differences were
observed between the mean measurements of the area
of the antrum and gastric volume made by EC1: 4.09 cm?
(SD+3.24) vs. 10.29 cm? (SD+5.93) (p=0. 000) and
30.2 mL (SD =£37.9) vs. 104.6 mL (SD = 86.4) (p =0.000),
respectively; this was also the case in EC2: 4.29 c¢m?
(SD+3.11) vs. 11.01 cm?® (SD+6.76) (p=0. 000) and
30.9 mL (SD +36.8) vs. 114.8 mL (SD =98.8) (» =0.000).
On the contrary, there were no significant differences
between EC1 and EC2, both in supine and right lateral
decubitus positions, in any of the four measurements
considered (AP diameter, cross-sectional area of the
antrum, area of the antrum and gastric volume).

100 200 300
Mean measurement of gastric volumen (ml)
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Fig. 5 Intra-observer variability in the measurements of gastric
volume made by EC2. Bland and Altman Analysis

Intra-observer and inter-observer variability was
assessed taking into account the mean measurements of
the antrum area and of gastric volume obtained in right
lateral decubitus position by each examiner. Regarding
intra-observer variability in the measurement of the
area of the antrum, Lin’s concordance correlation coef-
ficient (CCC), the difference of means between meas-
urements and the 95% limits of agreement of Bland
and Altman values were 0.95 (95% CI 0.940-0.977),
— 0.47 cm? (SD+1.64) and — 3.70 cm? to 2.75 cm?,
respectively, in EC1 (Graph 1), and 0.94 (95% CI
0.922-0.973), — 0.18 cm? (SD+2.18) and — 4.47 cm?
to 4.09 cm? in EC2 (Graph 2) [10]. In the case of gas-
tric volume, the following values were obtained: 0.95
(95% CI 0.941-0.978), — 7.9 mL (SD#23.5) and—
54.1 mL to 38.1 mL in EC1 (Graph 3) and 0.94 (95% CI
0.922-0.974), — 2.76 mL (SD£31.8) and — 65.2 mL to
59.7 mL in EC2 (Graph 4). In addition, a good intra-
observer agreement was observed in both examiners
in terms of US assessment of gastric content (kappa
coefficient = 0.74).

Regarding inter-observer variability (EC1 vs EC2)
in the measurement of the area of the antrum and of
gastric volume, the following CCC, mean difference
between measurements and 95% limits of agreement of
Bland and Altman values were obtained: measurement
of the area of the antrum: 0.84 (95% CI 0.778-0.911),
— 0.86 cm? (SD+3.38) and -— 7.50 cm? to 5.78 cm?
(Fig. 5); gastric volume measurement: 0.84 (95% CI
0.782-0.913), — 12.3 mL (SD +49.2) and — 108.8 mL to
84.0 mL (Fig. 6). Finally, with respect to intra-observer
and inter-observer reliability in the US measurement
of the cross-sectional area of the antrum, the following
ICC values were obtained: ICC =0.969 (EC1) and 0.948
(EC2) and ICC =0.872, respectively, Fig. 7.
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Fig. 7 Inter-observer variability in the measurements of gastric
volume made by EC1 and EC2. Bland and Altman Analysis

Discussion

Nutritional support is fundamental in the management
of critically ill patients, being enteral nutrition the nutri-
tional support technique of choice in these patients [16,
17]. However, its use and enteral nutrition intolerance
may be associated with several adverse events, such as
nausea, vomiting, abdominal pain and pulmonary aspi-
ration [18]. So far, there is no standard method to assess
tolerance to this therapy in ICU patients and, in general,
decisions on its use in this clinical setting are based on
expert recommendations and the assessment of the clini-
cal condition of the patient.

Bedside US offers several advantages in the manage-
ment of critically ill patients. In this regard, the US
assessment of gastric content strategy developed by Per-
las et al. [1] and Van de Putte et al. [5], and that has also
been described in multiple studies [19, 20], has become
an adequate method to assess the risk of pulmonary
aspiration prior to intubation in critically ill patients. In
addition, although the risk of pulmonary aspiration and
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the US measurement of gastric content have been poorly
studied in this type of patients, initial data suggest that
this method has an adequate performance in the evalua-
tion of gastric content in critically ill patients.

As mentioned above, there are only a few studies
reporting data on inter-observer agreement in US assess-
ment of gastric content. For example, Mackenzie et al.
[19], in a randomized controlled clinical trial conducted
in 45 healthy adult patients and in which three expert
sonographers were asked to interpret 45 US and classify
gastric content into three categories (presence, absence,
not visible), reported that inter-observer agreement was
good for the interpretation when the patient was in a
right lateral decubitus position (kappa coefficient=0.91)
and moderate for the general interpretation and sub-
xiphoid windows (kappa coefficients=0.64 and 0.72,
respectively)[19]. Similarly, Johnson et al. [21], in a rand-
omized controlled trial in which three ultrasound experts
(the one who performed the ultrasound and examiners
A and B) evaluated 60 gastric US performed in healthy
adult patients, found an almost perfect inter-rater agree-
ment in the fluid content group (ICC=0.950) and a good
inter-rater reliability for the solid content and empty
stomach (fasted) groups (ICC=0.781 and 0.761, respec-
tively) [21].

Although these studies were not specifically conducted
in critically ill patients receiving enteral nutrition, their
results in terms of inter-observer agreement are similar
to the results of our study, where inter-rater agreement
was almost perfect (kappa coefficient=1). Furthermore,
unlike the studies by Mackenzie et al. [19] and Johnson
et al. [21], intra-observer agreement in the assessment
of gastric content by means of US was also evaluated in
the present study, obtaining a good level of agreement in
both examiners (kappa coefficient =0.74).

On the other hand, Kruisselbrink et al.[22], in a rand-
omized controlled clinical trial carried out in Ontario in
22 healthy patients and in which three sonographers with
previous experience in gastric US performed a stand-
ard US assessment of gastric volume, found an “almost
perfect” intra-observer and inter-observer reliability in
the ultrasound assessment of the cross-sectional area of
the antrum (ICC=0. 96 to 0.99 and 0.96, respectively);
a finding similar to that reported in the present study,
where intra-observer agreement (ICC=0.969 and 0.948
for EC1 and EC2, respectively) and inter-observer agree-
ment (ICC=0.872) were also “almost perfect” in the US
measurement of the cross-sectional area of the antrum in
critically ill patients receiving enteral nutrition.

In our study, gastric content in the antrum was
classified as grade 2 in 92.19% of the gastric US
(n=59), and gastric fluid volume was>1.5 mL/kg in
75% of these cases. In the same vein, mean gastric
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volume was 101.06 +81.94 mL (95% CI 80.25-121.81)
and 113.444+100.221 mL (95% CI 87.98-138.89) in EC1
and EC2, respectively. These findings suggest that criti-
cally ill patients receiving enteral nutrition through a
nasogastric tube are at high risk of pulmonary aspiration
[1,2,5].

Additionally, the present study compared the intra-
observer agreement in US assessment of gastric con-
tent of an examiner trained and certified in gastric US
with the intra-observer agreement of an examiner who,
despite having performed at least 50 qualitative and
quantitative US assessments of gastric volume and con-
tent, had not received any formal training in gastric US.
In the case of the qualitative assessment of the gastric
content by means of US, intra-observer agreement was
similar in both examiners; however, in the case of quan-
titative assessment, the mean difference in gastric vol-
ume was statistically significant (— 7.99 mL+23.56 mL;
p-value =0.009) in the examiner without training in gas-
tric US, while in the examiner with training in gastric US
this difference was not significant (— 2.77 mL £ 31.89 mL;
p-value =0.497). This difference in the means of gastric
volume can be considered acceptable, taking into account
that basal gastric secretions generate fasting gastric resid-
ual volumes of up to 1.5 mL/kg without this representing
a significant risk of pulmonary aspiration (approximately
100-110 mL in the average adult population) [1, 2, 20].

Although the training specifications necessary for the
performance of a reproducible gastric US assessment
have not yet been defined, Arzola et al. cited by Kruis-
selbrink et al. [22], suggest that the sonographer should
perform at least 33 gastric US under the supervision of an
expert to achieve an accuracy rate of 95% in the qualita-
tive US evaluation of gastric content. On the other hand,
according to these authors, since quantitative US evalua-
tion of gastric volume requires additional steps, it is logi-
cal to assume that the examiner must have performed a
much higher number of gastric US to achieve a similar
accuracy rate [22]. Considering the above, further studies
are required to establish the optimal learning curve nec-
essary for trainees to perform an adequate US assessment
of gastric content.

This is one of the first studies that evaluates intra-
observer and the inter-observer agreement in US assess-
ment of gastric volume and content (being the latter
classified in grades) in critically ill patients receiving
enteral nutrition, which is undoubtedly its main strength,
since the results reported here may contribute to the
validation of this gastric content classification method in
this type of patients and, therefore, its implementation in
clinical practice.

On the other hand, this study has some limitations.
First, it is a nonrandomized observational single-center
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study; however, its sample size is appropriate for the
assessment of intra-observer and inter-observer agree-
ment. Second, the COVID-19 pandemic had a great
impact on the study population (critically ill patients on
mechanical ventilation and receiving enteral nutrition),
since 95.31% of the patients who were considered eligi-
ble for inclusion were admitted to the ICU due to res-
piratory failure resulting from severe COVID-19. Third,
during the position changes required for achieving a
proper US assessment of the gastric content and volume,
five patients regurgitated the enteral nutrition formula,
which, besides peristaltic contractions and gastric emp-
tying, adds an element of variability in successive gastric
ultrasound measurements.

Conclusions

The assessment of gastric content and volume using bed-
side US in critically ill patients on mechanical ventilation
and receiving enteral nutrition showed a good intra and
inter-rater reliability.

In addition, most of the patients included in the study
had a high risk of pulmonary aspiration, since, accord-
ing to the results of the gastric US evaluation, they had
gastric volumes>1.5 mL/kg. In this sense, further stud-
ies aimed at determining whether US assessment of gas-
tric volume can predict the risk of intolerance to enteral
nutrition in critically ill patients are required.

Finally, the findings of this study raise some ques-
tions regarding the training required to ensure a valid
and reproducible US assessment of gastric content and
volume.
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